e report a prospective study of the use of intramedullary bone blocks to improve the fixation of a matt-finish femoral stem in Charnley lowfriction arthroplasties. There were 379 patients (441 hips), but at a minimum follow-up of ten years there were 258 arthroplasties in 221 patients including some which had been revised. The mean age at surgery was 41 years (17 to 51) and the mean follow-up was 13.4 years (1 to 20 including the early revisions).
To try to improve stem fixation of the Charnley low-friction arthroplasty (LFA) we introduced the technique of closingoff the medullary canal with a cancellous bone block, 1 and our early results were encouraging. In a prospective study of 611 LFAs at a mean follow-up of 2.75 years (1 to 5.5) there had been no revisions for stem loosening. Two stems showed possible radiological loosening and two others were at risk for loosening or fracture. We now report our experience with this technique in a group of young patients at a much longer follow-up.
Patients and Methods
Since 1974, we have had a policy that all patients aged 50 years or less at the time of the LFA are followed up indefinitely. Our reasons are the life expectancy, the possibility of studying long-term outcomes, and the need for early intervention for impending failure. Follow-up is at three months, and then annually but with increasing numbers and experience we have been able to 'tailor' the follow-up for individual patients according to the radiological appearance of the arthroplasty, 2,3 the activity level of the patient, 4 and the rate of cup wear. 5 When there is any doubt about the radiological appearance or clinical outcome, patients are seen more often, at six or even threemonthly intervals. In addition, all patients have free access, directly or through their family practitioner, if they are concerned at any stage. The technique of closing-off the medullary canal with a bone block has remained unchanged, except that we no longer aim to achieve a 2 cm column of cement below the tip of the stem, believing that this is not necessary. 1 The medullary canal is routinely mopped and dried with a swab, but pulsed lavage is not used. The cement is mixed manually, used in a doughy state and packed by thumb pressure with proximal venting. Thumb pressure is maintained for about 30 seconds after packing, and at the medial femoral neck during insertion of the stem. The hip is reduced only after the cement has set. The patients are allowed up on the second postoperative day and encouraged to use elbow crutches for six weeks to three months. We defined and recorded loosening of the stem by the criteria of Harris, McCarthy and O'Neill. 6 Our indications for revision were progressive loosening, deteriorating function and, most important, preservation of maximal bone stock. In this respect, we have continued our policy of early revision.
7
A total of 379 patients under 51 years of age, with 441 consecutive LFAs, was included in a prospective study. For the purpose of this report we used a minimum follow-up of ten years but included all revision operations for the whole period. This left 221 patients, 124 women and 97 men, with a mean age at the time of the LFA of 41 years (17 to 50.9); their mean weight was 66 kg (32 to 105). Thirty-seven had had bilateral LFAs, in 17 under the same general anaesthetic, giving a total of 258 for this study.
One patient died after a ten-year follow-up and one could not be traced. Both had unilateral LFAs, no revision and no radiological evidence of failure of stem fixation at the latest follow-up. Table I shows the underlying hip pathology. There had been 53 surgical procedures before the LFA. These included 20 intertrochanteric osteotomies, 12 open reductions of congenitally dislocated hips, seven fusions or failed fusions and 14 other procedures, including internal fixation, removal of fixation devices or unspecified soft-tissue operations.
The type of stem used is shown in Table II . All were of the Charnley design with a matt, vaquasheen surface finish. The position of the stem within the medullary canal on an anteroposterior radiograph was neutral in 199, valgus in 55 and varus in four.
Results
The mean follow-up for the whole group, including early revisions, was 13 years 5 months (1 to 20 years). Table III shows the early and late complications. During the 20-year period 33 LFAs (12.8%) had been revised. Six were revised for deep infection, 15 for aseptic cup loosening, five for aseptic cup and stem loosening, four for aseptic stem loosening, two for cup wear and one for recurrent dislocation. Another three stems were revised because of radiological changes, but were found to be well fixed at revision operations: two had subsided, and one had shown endosteal cavitation.
A total of nine stems (3.5%) had been revised for aseptic loosening which was confirmed at revision, and three others (1.2%) for radiological changes. The details of these 12 patients are shown in Table IV . The results of survival analysis with confidence intervals are shown in Figure 1 and Table V with the endpoint of revision for aseptic loosening of the stem. Figure 2 and Table VI shows the endpoint of radiological failure of stem fixation as defined by Harris et al. 6 Figure 3 and Table VII show the endpoint of revision for any reason. Survival analysis has some limitations but has become a standard method. 8 Using revision for aseptic stem loosening as the endpoint our cumulative success rate was 99.2% (95% CL 98.0 to 100) at 10 years and 94.35% (CL 88.2 to 100) at 17 years, when 63 hips were available for follow-up (Table V) . 8 The survival curve including radiological evidence of failure at ten years was identical, but fell to 92.7% (CL 85.9 to 99.6) at 17 years (Table VI) . When any revision was taken as the endpoint in this group of young patients the survival was 94% (CL 91.1 to 96.9) at 10 years and 82.5% (CL 73.1 to 91.9) at 17 years (Table VII) . 
Discussion
Our earlier report of the short-term success of our intramedullary bone-block technique in improving stem fixation in the Charnley LFA has been confirmed in a group of young patients with a longer follow-up. We found nine revisions for aseptic loosening of the stem in 258 LFAs in patients with a mean age of 41 years at the time of operation and a mean follow-up of 13 years and 5 months. Some of these failures were probably related to poor surgical technique, such as inadequate filling with cement. We consider that the use of brace reamers to prepare the medullary canal is probably inadvisable, because the surface which they produce is "unsuitable to key acrylic cement". attributed symptoms to a heavy fall, the other five showed radiological changes 11 years after the operation. This is of interest in view of past experience with fracture of the Charnley 'flat-back' prosthesis, which established a period of risk at 11 years from the time of the LFA. 9 Better material for stems, improved design and better techniques of fixation appear to have eliminated this complication, but the underlying mechanism may continue to operate. Such patients may now enjoy normal function, with lack or loss of proximal stem support presenting with femoral endosteal cavitation rather than as a stem fracture. The process of cavitation will continue to deteriorate in contrast to the acute episode of stem fracture, which provided an endpoint. The role of polyethylene wear particles in endosteal cavitation has been highlighted, but there is insufficient evidence to implicate this mechanism in our group of patients. The number of failures is too small to establish any meaningful correlation with polyethylene wear. Another factor is the position of the stem within the medullary canal. A valgus position has been associated with a high risk of loosening. 2 Of the 55 stems in our series in valgus positions, six have failed (10.9%). Only three of 199 LFAs (1.5%) in a neutral position have failed. This difference is highly significant (p < 0.0043). There were no failures with the stem in a varus position but there were only six such placements. Several aspects of stem position must be considered. A valgus position of the stem, especially when it is extreme, will separate the cement mantle into two distinct areas, one proximal and medial and one distal and lateral. This separation may be exaggerated when the exposure and preparation of the medullary canal are limited by access only to the femoral neck, which will direct the stem posteriorly. Such an alignment may lead to differential movement between the various layers of the implant as in the plate tectonic theory of the earth's crust.
A valgus position was also more common in men who showed a higher failure rate with eight out of 111 (7.2%). The lower incidence of revision for stem loosening in women, one in 147 (0.7%), merits further study but is outside the scope of this report.
The experience of the surgeon also appeared to be significant. There were five aseptic loosenings of the stem in 205 LFAs performed by one surgeon (BMW), and four in 53 performed by senior residents (2.4% v 7.5%; p = 0.0011).
Our experience with a change in stem design contrasts strongly with that of Dall et al. 10 They reported that the new design produced a reduction in stem fractures from 4.1% to 0.5% but an increase in "the incidence of stem loosening requiring, or likely to require revision" from 3.1% to 11.4%. Their suggestion was that "the increased loosening rate in the second-and subsequent-generation stems is due to their larger cross-sectional area, which produces an increase in flexular stiffness". 10 The series differ in other ways. Their mean follow-up was 7.8 and 8.8 years as against 13 years for ours; the mean ages of Dall's two groups was 60.3 and 60.7 years, respectively, but our patients were almost 20 years younger. Our incidence of stem fracture with the original 'flatback' polished Charnley stem was 1.15% 9 although the methods of calculation may vary in the two reports. 10 There have been no stem fractures of the Charnley design in primary LFA since we introduced our intramedullary boneblock technique in 1976. This also casts doubt on the theory that polished stems are essential, although it must be accepted that the term 'matt' does not define either the method of surface treatment or the true surface characteristics of the stem.
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Our technique of using a cancellous bone block to close off the medullary canal limits the volume available for cement packing, and reduces the risk of pushing the cement distally. This has probably improved the quality of cement injection and has been shown to reduce the incidence of aseptic loosening of the stem. Its contribution to the elimination of stem fracture cannot be quantified. Other simultaneous improvements have included the use of a flanged stem of high-strength stainless steel (Ortron; DePuy International, Leeds, UK). At the latest reviews the incidence of stem revision for aseptic loosening in young patients was 3.5% although two more stems were loose radiologically and six were at risk for possible future loosening. Thus 17 stems (6.6%) must be considered as failures. This incidence could be reduced by the availability of more stem sizes to match the medullary canal, better training and experience of surgeons in stem fixation, and consideration of trauma as a cause of stem loosening.
In our series, endosteal cavitation of the femur and stem loosening did not appear to become a problem until after 11 years, and it is uncertain whether the cause is mechanical or biological or a combination of both, since there is no conclusive evidence as yet. Our suggestion that the late changes are related to the process that previously led to stem fractures appears to be worthy of consideration.
We consider that our use of intramedullary bone blocks has reduced both the radiological and the clinical incidence of aseptic loosening of the stem. Longer follow-up of a larger series will be needed to determine any association with wear of the cup and its effect on endosteal cavitation of the femur. Continued study of the long-term results of the Charnley LFA has the merits of consistency of the stem design and the surgical technique. Our study has confirmed the need for the indefinite follow-up of young patients with total hip arthroplasty.
